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ABSTRACT 
 
The present work is aimed to detect gas leakage on the analysis of structure borne wave. 
Through acoustic emission, the structure borne wave generated by gas leakage in 
pipeline could be detected and analysed while in operation. 
The experiments were carried out using a test rig designed in such a way where three 
kinds of leakages usually happening in the industries can be imitated and done in the 
laboratory. The experiments were done on detecting acoustic emission on three different 
small defects which were thread leakage, pinhole leakage and gasket leakage. 
It was found experimentally that the slightest leakage would cause acoustic emission to 
be detected. The detected acoustic emission would increase following the size of the 
leakage even when the test rig is in operation. 
In conclusion, acoustic emission is able to detect small leakages of different types. This 
particular technique can be utilized for greater use in the industry to detect leakage 
during operation of pipeline. 
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ABSTRAK 
 
Kajian ini bertujuan untuk mengesan kebocoran gas dengan analisis gelombang struktur 
bawaan. Melalui pacaran akustik, gelombang struktur bawaan yang dijana oleh 
kebocoran gas dalam saluran paip boleh dikesan dan dianalisa semasa operasi. 
Experimen dilakukan pada saluran paip yang dibina khas supaya tiga jenis kebocoran 
yang selalunya berlaku dalam industry dapat dilakukan di dalam makmal. Experimen 
telah dijalankan untuk mengesan pancaran akustik pada tiga kebocoran yang sangat 
kecil, termasuklah kebocoran thread, kobocoran pinhole dan kebocoran gasket. 
Melalui experimen, telah dikesan bahawa kebocoran yang kecil akan menyebabkan 
pancaran akustik dikesan. Pancaran akustik yang dikesan akan bertambah mengikut size 
kebocoran walau semasa paip itu masih dalam operasi. 
Secara konklusi, pancaran akustik dapat mengesan pelbagai kebocoran kecial. Teknik ini 
boleh digunakan untuk mengesan kebocoran paip in industry. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
Pipeline networks are the most economic and safest pipeline transport for 
mineral oil, gases and other fluid products. As a means of long-distance transport, 
pipelines have to fulfill high demands of safety, reliability and efficiency. The market 
size for oil and gas pipeline construction experienced tremendous growth prior to the 
economic downturn in 2008. The industry grew from $23 billion in 2006 to $39 billion 
in 2008 (Mo, 2003).  
 
Oil pipelines are made from steel or plastic tubes with inner diameter typically 
from 2 to 48 inches (50 to 1,200 mm). Most pipelines are typically buried at a depth of 
about 3 to 6 feet (0.91 to 1.8 m). To protect pipes from impact, abrasion, and corrosion, 
a variety of methods are used. These can include wood lagging (wood 
slats), concrete coating, rockshield, high-density polyethylene, imported sand padding, 
and padding machines, (Mo, 2003). Once the protections are not done properly, leakage 
would occur, leading to the happening of accidents. The accidents not only lead to the 
loss of property but also human life, (Mo, 2003). 
 
Accurate leak detection, enabling a quick response, is necessary to minimize 
damage. Leak detection methods previously proposed are reﬂected wave or timing 
methods (Brunone, 1999) volume balance methods (Griebenow and Mears, 1989) 
pressure or ﬂow deviation methods (Griebenow and Mears 1989) acoustic methods 
(Fuchs and Riehle 1991) pig-based monitoring and on-line surveillance methods (Black 
1992) frequency analysis methods (Jo n¨sson and Larson 1992) inverse techniques 
2 
 
(Pudar and Liggett 1992) and a genetic algorithm method (Vı´tkovsky´ et al,  2000). 
However, no single method can always meet operational needs from an accurate and 
cost point of view (Furness and Reet 1998). Each of these leak detection techniques has 
its advantages and disadvantages in different circumstances.  
 
1.2 PROBLEM STATEMENT 
Leakage from pipelines has the potential to cause signiﬁcant environmental 
damage and economic loss. While pipelines are designed and constructed to maintain 
their integrity, it is difﬁcult to avoid the occurrence of leakage in a pipeline system 
during its lifetime (Hovey and Farmer 1999). According to the Pipeline and Hazardous 
Materials Safety Administration's statistics, pipeline accidents kill or hospitalize at least 
one person in the U.S. every 6.9 days on average, and cause more than $272 million in 
property damage per year in the United States. 45% of the cases are caused by pipeline 
leakages, indicating the importance of pipeline leakage detection. 
Scientific workers and engineers investigated and developed several technologies 
such as gas detection, detection of sound for pipeline leakage detection. Unfortunately 
all current methods can not meet the minimum requirement of industrial users. Most of 
them don't have enough sensitivity to detect at least applicable amount of leakage even 
sometimes do well for above pipeline leakage detection, (Liu, 2001). Another example 
of method based on the leakage is sound detection in the air. Theoretically the sound is 
generated together with leakage and is spread in the air to be detected. But after 
transmitting through the crust soil the sound become very weak and is difficult to be 
detected, (Jun, 1997). Generally, non-destruction techniques that are used includes, 
visual and optical testing, radiography, magnetic particle testing, ultrasonic testing, 
penetrant testing, electromagnetic testing, leak testing and acoustic emission testing, 
(Catlin, 1983). Acoustic Emission Technique is unlike most other non-destructive 
testing (NDT) techniques. Instead of supplying energy to the object under examination, 
AET simply listens for the structure borne wave released by the object. AE tests are 
often performed on structures while in operation, as this provides adequate loading for 
propagating defects and triggering acoustic emissions. Besides that, AE could detect 
very little defect. This is required as most pipeline leakages start from very minor 
defects before leading to massive leakage, (James, 2003). The function of AE being able 
3 
 
to detect very little defect during operation of structure further indicating the importance 
of the research.  
   
1.3 OBJECTIVE 
 
The main objective of the study is to detect gas leakage on the analysis of 
structure borne wave. Through acoustic emission, the structure borne wave generated by 
gas leakage in pipeline could be detected and analysed while in operation.  
 
1.4 SCOPE 
 
I. Design and fabrication of test rig for a pressure of 4 bars.  
II. The types of leakages that will be tested are pinhole, crack and gasket 
leakage.  
III. The type of phenomenon examined in the research would be acoustic 
emission.  
  
  
 
 
 
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Pipeline Accident and Damage Statistic 
 
 Pipeline network is used throughout the world due to its efficiency. Due to 
the fact that most pipeline network is planted down in earth, one of the biggest 
problems facing the pipeline industry is the fact that the world’s pipeline 
infrastructure is ageing. Over 50% of the 1,000,000km USA oil and gas pipeline 
system is 40 years old. These old pipeline would lead to leakage and then 
accidents would happen. 
 
Accidents due to leakage happened in countries like Belgium, China, 
Mexico, Kenya, Nigeria and Russia after these countries used pipeline network 
widely in the 21
st
 century, (Dranken, 2005). 
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Table 2.1: Hazardous Liquid Pipeline Accident Summary by Cause 
1/1/2002 - 12/31/2003 in the USA. 
 
Reported 
Cause 
Number 
of 
Accident
s 
% of 
Total 
Accident
s 
Barrel
s Lost 
Property 
Damages 
% of 
Total 
Damage
s 
Fatalitie
s 
In
ju
rie
s 
Excavation 40 14.7 35,075 $8,987,722 12.0 0 0 
Natural 
Forces 
13 4.8 5,045 $2,646,447 3.5 0 0 
Other 
Outside 
Force 
12 4.4 3,068 $2,062,535 2.8 0 0 
Materials 
or Weld 
Failure 
45 16.5 42,606 $30,681,74
1 
41.0 0 0 
Equipment 
Failure 
42 15.4 5,717 $2,761,068 3.7 0 0 
Corrosion 69 25.4 55,610 $17,775,62
9 
23.8 0 0 
Operations 14 5.1 8,332 $817,208 1.1 0 4 
Other 37 13.6 20,022 $9,059,811 12.1 1 1 
Total 272  175,47
5 
$74,792,16
1 
 1 5 
Source: The U. S. Department of Transportation’s Research and Special Programs 
Administration, Office of Pipeline Safety 2003 
Table 2.1 shows a table of hazardous liquid pipeline accident summary by 
cause back in the year 2002-2003. The number of accident in this particular 
country has reached 272 in two years, totalling a property lost of $74,792,161.  
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Table 2.2: Natural Gas Transmission Pipeline Incident Summary by Cause 
1/1/2002 - 12/31/2003 in the USA. 
 
Source: The U. S. Department of Transportation’s Research and Special Programs 
Administration, Office of Pipeline Safety, 2003 
Reported 
Cause 
Number 
of 
Incidents 
% of 
Total 
Incidents 
Property 
Damages 
% of 
Total 
Damages 
Fatalities Injuries 
Excavation 
Damage 
32 17.8 $4,583,379 6.9 2 3 
Natural 
Force 
Damage 
12 6.7 $8,278,011 12.5 0 0 
Other 
Outside 
Force 
Damage 
16 8.9 $4,688,717 7.1 0 3 
Corrosion 46 25.6 $24,273,051 36.6 0 0 
Equipment 12 6.7 $5,337,364 8.0 0 5 
Materials 36 20.0 $12,130,558 18.3 0 0 
Operation 6 3.3 $2,286,455 3.4 0 2 
Other 20 11.1 $4,773,647 7.2 0 0 
Total 180 
 
$66,351,182 
 
2 13 
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Table 2.2 shows the natural gas transmission pipeline incident summary by cause 
in the year 2002 and 2003. A total of 180 cases have occurred and a total of 
$66,351,182 property damage has occurred. 
 
 
 
Table 2.3: Natural Gas Distribution Pipeline Incident Summary by Cause 
1/1/2002 - 12/31/2003 in the USA. 
Reported Cause 
Number 
of 
Incident
s 
% of 
Total 
Incident
s 
Property 
Damages 
% of 
Total 
Damage
s 
Fatalitie
s 
Injurie
s 
Construction/Operatio
n 
20 8.1 $3,086,000 6.7 0 16 
Corrosion 3 1.2 $60,000 0.1 2 9 
Outside Force 153 62.2 
$32,334,35
2 
70.1 6 48 
Other 70 28.5 
$10,617,68
3 
23.0 13 31 
Total 246 
 
$46,098,03
5  
21 104 
Source: The U. S. Department of Transportation’s Research and Special Programs 
Administration, Office of Pipeline Safety, 2003 
 
Table 2.3 shows the natural gas distribution pipeline incident summary by cause 
in the year 2002-2003.  A Total of 246 accidents have happened and a total of 
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$46,098,035 property damage has occurred. These sums up to a total of 698 
accidents and $120,241,378 lost. 53% of the accidents are caused by leakage.  The 
leakages caused by defects. 
2.1.1 Corrosion 
According to table 2.1, 2.2 and 2.3, corrosion is the main reason of 
leakage with 25.4% in liquid pipeline accident, 25.6% in natural gas transmission 
pipeline incident and 1.2% of natural gas distribution pipeline. Corrosion is the 
breakdown of the parent material due primarily to electrochemical methods where 
there is an exchange of electrons between two materials.  This means 
electrochemical oxidation of metals in reaction with an oxidant such as oxygen 
Corrosion has the potential to reduce a product’s design life by premature 
degradation. The rates of attack and severity of corrosion will vary depending on 
the influencing factors mentioned above. The type of corrosion that is experienced 
may vary as well (Mattson, 1996). Typical corrosion types found on pipelines 
include, uniform or general corrosion, it proceeds at approximately the same rate 
over the whole surface being corroded and the extent can be measured as mass 
loss per unit area. Pitting corrosion, it results in pits in the metal surface due to 
localized corrosion. Crevice corrosion, it occurs in or immediately around a break 
in the material. Intergranular corrosion, it results in corrosion at or near the grain 
boundaries of the metal. Erosion Corrosion, it involves conjoint erosion and 
corrosion that typically occurs in fast flowing liquids that have a high level of 
turbulence. Environment-induced cracking, it results from the joint action of 
mechanical stresses and corrosion. Stress Corrosion Cracking (SCC) falls within 
this group. 
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Figure 2.1: An example of general deep pitting corrosion with some pits joining to 
form larger pits and interconnected pitting. 
Source: Ginzel, 2003 
 
Figure 2.2:  the pitting corrosion on the back of the pipe and in the 
background. 
Source: Ginzel, 2003 
 
 
Figure 2.1 and 2.2 shows different stages of pitting corrosion happening to 
pipeline. Pitting corrosion is a localized form of corrosion by which cavities or 
"holes" are produced in the material. Pitting is considered to be more dangerous 
than uniform corrosion damage because it is more difficult to detect, predict and 
design against, (Roberts, 1998). Corrosion products often cover the pits. A small, 
narrow pit with minimal overall metal loss can lead to the failure of an entire 
engineering system. Pitting corrosion, which, for example, is almost a common 
denominator of all types of localized corrosion attack.  
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Figure 2.3: Pinhole leakage with corrosion pit 
Source: Ginzel, 2003 
 
Figure 2.3 shows pinhole leaks results from pitting corrosion. Leaks from 
this corrosion can cause drywall damage, leaks on floors, mold build-up. It is hard 
to predict and the mechanisms are difficult to sort out, (Darren Lytle, 2003).  
 
2.1.2 Thread Leakage 
 
A lot of types of screw threads have evolved for fastening, and hydraulic 
systems. In nineteenth century, different types of screw threads were required for 
hydraulic and pneumatic circuits as well as fastening systems. This resulted in 
compatibility problem. Sir Joseph Whitworth, the English mechanical engineer 
and inventor devised a uniform threading system in 1841 to address the 
incompatibility problem.  
 
Despite the standards created to maintain uniform fittings, tapered pipe 
threads are inexact and during the course of use and repair the threads can become 
damaged and susceptible to leakage. The area where the crest and the root of the 
thread meet can form a spiral leak path no amount of tightening will eliminate.  
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Figure 2.4: Situation when thread does not fit 
Source: Ginzel, 2003 
Figure 2.4 shows Situation where thread does not fit, leading to leakage. 
The most common way of preventing thread leakage is through using Teflon tape 
wrapped 2 to 3 turns around the male thread before assembly. Liquid Teflon 
based sealants are also used to ensure a pressure tight seal. Nevertheless, the 
leakage prevention is not totally secure and leakage can still happen, showing the 
need for leakage detection.  
 
2.1.3 Gasket Leaking 
Gasket leaking is usually very small and hard to detect, (Eiber, 1984). In 
many joints the bolt spacing is dictated by the gasket pressure mid-way between 
bolts. If insufficient pressure is applied to the gasket in such regions, leakage can 
result.  
Local crushing of the gasket can occur if the clamp force generated by the 
bolt is excessive for a particular gasket material. Special pressure sensitive film 
(such as Fuji film) can be used, once the joint is designed, to determine what the 
local pressures are within a joint. All gaskets have a crush strength which, if 
exceeded, will result in excessive creep leading to leakage. With such a small 
thickness, the leakage due to gasket is hard to detect by other means other than 
acoustic emission, (Eiber, 1984). 
Pinhole leaks, cracks, corrosion and leaking gaskets tend to occur first in 
pipeline (Eiber, 1984). The research on these few leakages would be significant to 
provide a solution to reduce the accidents that are happening due to leakage of 
pipeline networks. 
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2.2 Theory of Sound Wave 
 
Sound is a mechanical wave that is an oscillation of pressure transmitted 
through a solid, liquid, or gas composed of frequency within the range of hearing, 
(Houghton, 2008) 
 
Figure 2.5: Frequency ranges of all sound 
 
Source: NDT Education Resource Center 
Developed by the Collaboration for NDT Education 
 
Figure 2.5 shows the frequency range of sound. Ultrasound is a cyclic sound 
pressure wave with a frequency greater than the upper limit of the human hearing 
range. Ultrasound is thus not separated from audible sound based on differences 
in physical properties, only the fact that humans cannot hear it. Although this 
limit varies from person to person, it is approximately 20 kilohertz (20,000 hertz) 
in healthy, young adults. Ultrasound devices operate with frequencies from 20 
kHz up to several gigahertz. Infrasound, sometimes referred to as low-frequency 
sound, is sound that is lower in frequency than 20 Hz (Hertz) or cycles per second, 
the normal limit of human hearing. Hearing becomes gradually less sensitive as 
frequency decreases, so for humans to perceive infrasound, the sound 
pressure must be sufficiently high. The ear is the primary organ for sensing 
infrasound, but at higher levels it is possible to feel infrasound vibrations in 
various parts of the body, (Geirland, 2006). 
 
For most acoustic sources, the sound emission is a consequence of complex 
internal mechanisms which force machine parts to vibrate which then radiate into 
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the ambient air (airborne sound), or pass vibrations through liquid-filled systems 
such as pipes (fluid-borne sound), or re-excite connected and supporting 
structures (structure-borne sound). The present work is devoted to the last case of 
emission, the structural acoustic transmission. 
 
Acoustic emission is widely used to detect leakage in industries. It can be 
used to detect leakage and monitor check valves in nuclear power plant, (Lee, 
2006). It is also used to do leak detection to process recovery boilers, (Kovecevich, 
1995). Besides that, it can also be used to detect undergraound pipeline leakage, 
(Liu, 2003). It is also used to detect slow growth of cracks on bridges, (Hamstad, 
2003). It is also seen that acoustic emission is used in real-time leakage test 
and location in tank bottoms, (Bolt, 1997). 
 
2.3 Non destructive testing for leak detection 
 
Nondestructive testing (NDT) is test methods used to examine an object, 
material or system without impairing its future usefulness, (Bruce, 1997). Because 
NDT does not permanently alter the article being inspected, it is a highly valuable 
technique that can save both money and time in product evaluation, 
troubleshooting, and research.  
 
NDT are used for different purposes, including flaw detection and 
evaluation, leak detection, location determination, dimensional measurements, 
structure and microstructure characterization, estimation of mechanical and 
physical properties, stress (strain) and dynamic response measurements, (Hawman, 
1988). 
 
There are different NDT used to detect leakages in pipeline. The most 
common ones include radiography, eddy current testing, ultrasound and acoustic 
emission.  
 
